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We present preliminary results for heavy to light transitions of pseudoscalar mesons, induced by the vector
and tensor operators. This lattice study is performed in quenched approximation, by using the nonperturbatively
improved Wilson action and operators. We also update the values of the heavy-light meson decay constants.
The full O(a)-improvement of the Wilson ac-
tion and bilinear quark operators [ 1], was
tested in spectroscopy and proved to be effi-
cient, namely the hadronic masses and decay
constants indeed converge faster to their con-
tinuum limit values. Improved operators, in-
cluding the O(a)-free renormalization constants
(RC’s), have been used to determine the values
of the light quark masses. The next important
step is to use non-perturbative (NP) improve-
ment for hadron→hadron decays. Although, the
light→light meson decays represent natural can-
didates for such a study, it is phenomenologi-
cally more appealing to apply the improvement
to the heavy→light case. It is well known that
these decays are subject to larger discretization
errors because the present values of the hard cut-
off are ∼ 3 GeV. To make predictions relevant for
B-physics, one either relies on extrapolations in
heavy masses [ 2], or attempt to use effective theo-
ries [ 3]. On the contrary, D-meson decays can be
studied directly by using non-perturbatively im-
proved Wilson fermions. The effect of the removal
of O(a)-artifacts (in particular those ∼ am) is ex-
pected to be efficient in this case. Moreover, these
(directly obtained) results can be used to test the
predictions obtained using effective theories.
In this talk, we present our preliminary re-
sults concerning heavy to light transitions of pseu-
doscalar mesons. This includes:
Leptonic decays (H → ℓνℓ)
〈0|Â0|H(pH)〉 = ifHmH , (1)
∗Talk given by D. Becirevic at “Lattice99”, Pisa, Italy. He
acknowledges the INFN for financial support.
Semileptonic decays (H → Pℓνℓ)
〈P (p)|V̂µ|H(pH)〉 =
m2H −m
2
P
q2
qµF
H→P
0 (q
2) +(
pH + p− q
m2H −m
2
P
q2
)
µ
FH→P+ (q
2) , (2)
Penguin-induced decays (H → Pℓ+ℓ−)
〈P (p)|T̂µ(µ)|H(pH)〉 =
i
(
q2(pH + p)− (m
2
H −m
2
P )q
)
µ
FT (q
2)H→P
mH +mP
, (3)
where q = pH − p is the momentum trans-
ferred from the heavy H-meson to the light P -
pseudoscalar meson. Hat symbols indicate that
the corresponding operator has been improved
and renormalized. The scale µ is set to its stan-
dard(ized) value of 2 GeV. As usual, the main goal
is to compute the decay constant fH , and the form
factors F0,+,T (q
2) (the µ-dependence in FT is im-
plicit). In particular, in order to study the q2-
behavior of the form factors, one needs to inject
various three-momenta to the interacting hadrons.
1. Lattice details. To study the above de-
cays, we produced a sample of 200 (quenched)
gauge field configurations on a 243 × 64 lattice,
at β = 6.2. The NP-improved Wilson action
has been used in calculating the propagators: we
work with four light (ℓ) and four heavy (h) quark
species [ 4]. They are combined in calculation
of relevant two- and three-point correlation func-
tions. For the latter, the sources of light and
heavy mesons are fixed at tP = 0 and tH = 28.
The spectator quark is degenerate with the light
one coming out from the main (transition) vertex.
2The axial (Aµ = q¯γµγ5Q), vector (Vµ = q¯γµQ)
and the penguin (Tµ = iq¯σµνq
νQ) operators are
improved by adding a divergence or curl of op-
erators having the same discrete symmetry prop-
erties, with coefficients (cJ ) tuned as to exactly
cancel the O(a)-artifacts. Similarly, the RC’s are
improved as ZJ(g
2
0 , m¯) = Z
(0)
J (1 + bJm¯), where
m¯ = (mh +mℓ)/2. In this study we use the non-
perturbative quantities whenever available (Z
(0)
A ,
Z
(0)
V , Z
(0)
T (µ), bV ), otherwise the ones from the
boosted perturbation theory (cA, cV , cT , bT ).
Higher order mass corrections can be handled at
tree level, by multiplying the renormalization con-
stants by the (modified) KLM factors [ 4].
The lattice spacing is obtained by following the
same procedure described in Ref. [ 5]. From the
doubled statistics, and using the K∗-meson mass,
we obtain a−1 = 2.72(11) GeV.
2. Decay constants. We first update the val-
ues of Ref. [ 4], for the heavy-light pseudoscalar
meson decay constants:
fD = 216(11)
+5
−4 MeV ; fDs = 239(10)
+15
−0 MeV ;
fB = 173(13)
+34
−2 MeV ; fBs = 196(11)
+42
−0 MeV ;
fDs/fD = 1.11(1)
+.01
−0 ; fBs/fB = 1.14(2)
+.01
−.01 .
First errors are statistical, while the second are
(conservative) systematic and include: the scale
fixing uncertainty (i.e. the dispersion of the ra-
tios with mK∗ , fK , fπ), the RC’s uncertainty (es-
timated by the difference with/without KLM fac-
tor), and difference between the quadratic and lin-
ear extrapolations in 1/MH (which is the major
source of error in fB(s)). We also update the ra-
tio:
fB/fDs = 0.72(2)
+.13
−0 , (4)
which, when combined with f
(exp)
Ds
, amounts to
fB = 183± 22(exp.)
+30
−5 (theo.) MeV . (5)
3. Form factors. We take advantage of the
fact that we use the local source-operators. The
2pts-functions can then be fitted to the form
C(2)(~p; t) = ZP |~p=0
e−EP t
2 sinhEP
, (6)
which allows us to reach the higher upper bound
|~p| < 3 (in units of elementary momentum
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Figure 1. Extracted matrix element 〈P |iq¯σµνQ|H〉, be-
fore saturating by qν . Filled (empty) symbols correspond
to the matrix elements obtained from the numerical (ana-
lytic) ratio.
on the lattice 2π/La), for which the latticized
free boson dispersion relation is satisfied [ 5].
We consider the heavy meson momenta ~pH ∈
{(0, 0, 0); (1, 0, 0); (1, 1, 0)} (and the cyclic permu-
tations). That implies 32 nonequivalent ~q, com-
patible with |~p| < 3. After inspection, it turns out
that the signal for the form factors is ‘visible’ for
15 different momenta [ 6]. To extract the matrix
element we examine the ratio:
Rµ(t) =
C(3)(~p, ~q; t)
C(2)(~p− ~q; t) C(2)(~p; tH − t)
, (7)
either by doing it numerically (from which we get
our central results), or by replacing C(2)(~p; t) by
its analytic expression (6). Since the decay (3)
has never been studied on the lattice, we illus-
trate the typical situation in Fig. 1. The two
methods give practically indistinguishable results.
From the matrix elements, for each combination
of heavy and light quarks we extract the form fac-
tors. For a fixed heavy flavor (κh), one can in-
terpolate (extrapolate) the daughter meson to the
kaon-MK (pion-Mπ), by using the “lattice plane
method” as discussed in Ref. [ 4], which essentially
means that one fits each form factor according to
the relation:
Fi(κh, κℓ) = αi + βiMP (κℓ, κℓ)
2 + γiMP (κℓ, κℓ)
4
(i ∈ {0,+, T }). An interesting proposal concern-
ing the extrapolation to the chiral limit is made
in Ref. [ 7].
The resulting situation is depicted in Fig. 2 where
the form factors for H → Kℓ+ℓ− are plotted,
3for mH ≃ 2.3 GeV. We stress that this result is
not biased by any extrapolation so far. Now we
can study their q2-behavior. The recent proposal
of Ref. [ 8] is to model form factors F+(q
2) and
F0(q
2) in such a way that all presently available
scaling laws are satisfied. This parametrization
(BK) is proposed to avoid the physically unclear
notion of double-pole, and to measure the discrep-
ancy with the nearest pole dominance (which is
expected to be quite large for the B meson sec-
tor, where the kinematically accessible q2-region
is large). The parametrization has the form (q˜2 =
q2/M2H∗)
F0(q˜
2) =
cB(1− α)
1− q˜2/β
,
F+(q˜
2) =
cB(1− α)
(1− q˜2) (1− αq˜2)
. (8)
The physical meaning of parameters is discussed
in Ref. [ 8]. We note that the nearest vector meson
dominance2 for F+,T (q
2), works to an excellent ac-
curacy in the semileptonic region q2 ∈ [0, q2max].
By including the data at q2 < 0 in the BK-
parametrization (as in Fig.2), some small depar-
ture from the pole dominance becomes visible [
6]. Since our data are straddling around q2 = 0,
which is the point traditionally chosen to quote
results, we give the following values (free of any
extrapolation in the case of the final K meson):
FD→K0,+ (0) = 0.71(3)
+00
−07; F
D→π
0,+ (0) = 0.64(5)
+00
−07;
2The vector mesons MH∗ , which dominate F+,T (q
2), are
also computed on the lattice.
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Figure 2. H → Kℓ+ℓ− form factors (F+,0 also determine
H → Kℓνℓ): FT and F+ are shifted as 1. + FT (q
2) and
2.+ F+(q2).
FD→KT (0) = 0.66(5)
+00
−07; F
D→π
T (0) = 0.60(7)
+00
−06 ,
SU(3)breaking : FD→K0,+ (0)/F
D→π
0,+ (0) = 1.10(4) ,
where the (conservative) systematic uncertainties
are determined similarly to those for decay con-
stants. The extrapolation to the B-meson intro-
duces a large systematic uncertainty. Namely, at
the zero-recoil point, ~q = (0, 0, 0) (where the only
available form factor is F0), one can use the heavy
quark scaling laws. But, once we introduce the
recoil (which on our lattice is |~q|min ∼ 700 MeV),
the situation becomes less clear [ 6]. At q2 → 0
however, there is a scaling law which stems from
the combined heavy quark limit of the decaying,
and the large energy limit of the recoiling light
meson (EP = mH(1− q
2/m2H +m
2
P /m
2
H)/2). As
discussed in Refs. [ 9], all form factors behave as
Fi(0) ≃ m
−3/2
H . After interpolating to q
2 = 0, we
fit them as follows 3:
F
H→π(K)
i M
3/2
H = A
π(K)
i
(
1 +B
π(K)
i /MH
)
. (9)
From the fit to this form we extract:
FB→K0,+ (0) = 0.30(4); F
B→π
0,+ (0) = 0.28(4);
FB→KT (0) = 0.29(6); F
B→π
T (0) = 0.28(7) .
Higher O(1/MnH)-corrections to the r.h.s. of (9)
can be large, but they can also be estimated on
the lattice, by including more heavy mesons in the
simulation. The values FB→π0,+ (0) agree with those
presented at this conference in Ref. [ 2], which are
also obtained by using the NP improvement.
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